Abstract: In this paper the results of after-laying testing of transmission power cable accessories using a nonconventional technique are being presented. The nonconventional system is based on the detection of high frequency signals being emitted by the partial discharge. Therefore, each power cable accessory is equipped with either an internal or external sensor to decouple the partial discharge signals. The partial discharge detection system uses narrow-band detector, in this case a spectrum analyzer.
INTRODUCTION
Partial discharges (PD) can occur in medium and high voltage cable systems [1, 2] . PD is a localized dielectric breakdown of a small portion of a solid or liquid electrical insulation system under high voltage stress. A common way to test a new power cable with accompanying accessories is rather uncomplicated. For example, the Dutch AC-test requirement for routine testing a 150 kV power cable according to the NEN 3630 standard [3] is applying 220 kV (2.5xU0 = 2.5x 150kVW/N3) for 10 minutes. The tests are considered successful if the cable and its accessories did not break down.
Nowadays, detection of partial discharge activity is one of the most sensitive means to detect insulation deficiencies inside high voltage equipment [4] . Insulation deficiencies are the origin of partial discharge activity which precedes a complete break down [1] . So, the size of partial discharges are giving an indication of the quality of the installation of transmission power cable accessories and detection of these discharges is becoming an important issue during the on-site acceptance test. The system is verified for the presence of partial discharge activity while raising the applied high voltage in small steps. If partial discharges seem to The first point is also well-known from measurements taken in the field of GIS and transformers [5] . The first step in making a measurement is capturing the frequency spectrum. Based on this spectrum, a certain centre frequency which represents PD activity with the highest signal-to-noise ratio is selected, as indicated in figure 2 . Secondly, a spectrum analyser can also analyse the coupler's signals in the time domain, resulting in similar phase-resolved PD patterns that are obtained with a standardized measuring circuit. Such phaseresolved PD patterns offers the possibility to recognize a certain type of defect and to discriminate between insulation defect and noise.
Secondly, the method is rather discriminating because at higher measuring frequencies, it can only detect PD activity in the accessory itself or in a small part of the cable very close to the accessory. This is due to the fact that above 100 MHz, the damping of the high frequency signals is high, see figure 3 (the thinner the cable, the higher the damping). This is an advantage, because for new installed power cables, PD activity is expected to occur only in the accessories, because these are installed in the field and during the installation some defects might have been introduced. The power cable itself can be assumed to be PD-free as it is tested in the factory for any PD activity. figure 4 .
By this result the applicability of the technique was demonstrated and the next step is to determine the sensitivity for insulation defects that are still detectable.
For that purpose, a sensitivity check procedure has been defined and will be described in the following section. Therefore, to determine the response of the detection circuit on PD pulses, a sensitivity check was performed. The basic circuit of this sensitivity check is shown in figure 5 . A similar but slightly adapted sensitivity check procedure as is available for UHF PD detection on gasinsulated systems should consist of the following steps [6] : 1) In a laboratory setup use a PD-source with known magnitude (pC) and measure the frequency spectrum.
2) Use an artificial pulse generator to inject pulses into the termination and change the amplitude until a frequency spectrum is detected which is comparable to the measured frequency spectrum originating from the Figure 6 : Example of an on-site sensitivity check: response of the VHF/UHF detection system to calibrator pulses at different measuring frequencies.
PD source (see step 1). In this way, the frequency response of the detection circuit at this termination can be determined.
From this test, the relation between the calibrated PD magnitude of a certain real PD source and artificial pulse is known for a certain measuring circuit. For 380 kV power cables it was shown that an artificial pulse of 1 V represents 10 pC of PD magnitude [4] . Now, injection of these voltages can be used to test the sensitivity of the on-site measuring circuit by the step 3.
3) Sensitivity check of the on-site measuring circuit by injecting the pulse shape found under step 2 on each termination. If the injected signal is detected, this means that the sensitivity is high enough to detect partial discharge activity with a certain magnitude in pC as defined under step 1. A result of such an on-site sensitivity check is shown in figure 6 .
FIELD APPLICATION
Above mentioned system was being applied during acceptance tests of new high-voltage power cables. One example is described below. Figure 7 shows the lay-out of the cable system. In fact, an existing three-phase 1 10 kV oil-filled cable with one reserve phase has been split to install a GIS substation. The connection between the GIS and the existing cable system is made of new XLPE cables. During the after-laying test, PD activity is monitored at the XLPE-oil transition joints (figure 8) and the GIS terminations. Example of measuring results obtained in Figure 9 shows detected PD levels in [uV] as obtained at two sensor locations in phase 2. The PD pattern shows similarities with internal discharges as can be seen in figure 10 .
Furthermore, the following observations can be made from figure 9. First of all, the PD levels detected in a low frequency range of 6-9 MHz at sensor S4 are higher than at sensor S3. Secondly, in a higher frequency range of 243-258 MHz, PD activity was only detected at sensor S4. Therefore it can be concluded that the discharge activity is closer to sensor S4 than sensor S3. 
